Nine compounds, 3-hydroxy-4,5-dimethoxyphenyl-b- (8), and 3-hydroxy-1-(4-hydroxy-3,5-dimethoxyphenyl)-2-[4-(3-hydroxy-1-( E )-propenyl)-2,6-dimethoxyphenoxy]propyl-b-D-glucopyranoside (9), were isolated from Kokuto noncentrifuged cane sugar. Their structures were elucidated by spectroscopic evidence, mainly based on the NMR technique. Among them, seven new glycosides were identiˆed. The 2-deoxyribose oxidation method was used to measure their antioxidative activity. All of these compounds showed antioxidative activities.
Kokuto has been traditionally manufactured from cane sugar in Okinawa and Amami by a unique noncentrifugal method. In our previous papers, 1, 2) we have reported the isolation and identiˆcation of antioxidants from Kokuto. Phenolic compounds, which are of great interest for their radical-scavenging activities, are expected to be eŠective in the prevention of many diseases and morbid states. As a continuation of our investigation of the constituents of Kokuto, we have isolated seven new phenolic glycosides (2, 3, and 5-9), and two known phenolic glycosides (1 and 4). We report in this paper the structural elucidation of 1-9, on the basis of mass, UV, IR, and 1 H-and 13 C-NMR spectral data, including HMQC, HMBC and 1 H-1 H COSY experiments. The antioxidative activity of each identiˆed compound was evaluated by the deoxyribose oxidation method.
Materials and Methods
Material. Kokuto was produced from pressed juice of sugar cane (Saccharum o‹cinarum L.). Miyako Sugar Manufacturing Co. Ltd. (Tarama Plant, Okinawa, Japan) presented the sample material.
Apparatus. UV spectra were recorded with a Shimadzu UV-160A spectrometer in methanol, and IR spectra were recorded with a Bio Rad FTS-3000 spectrophotometer. The spectra were measured in KBr pellets.
1 H-and 13 C-NMR spectra were obtained at 500 MHz and 125 MHz for 1 H and 13 C, respectively, by a Jeol A-500 spectrometer. The 1 H signals and the 13 C signals of the solvent (CD3OD) were used as secondary references (d3.30 and 49.0 from TMS, respectively). FAB-and APCI-MS data were obtained with a Jeol JMS-700 mass spectrometer. HRMS was performed in the FAB mode, using glycerol or m-nitrobenzyl alcohol as the matrix. Column chromatography was carried out in columus of XAD-2 (5. Theˆgures in parentheses show the antioxidative activity (percentage inhibition) for 5 mg of each reaction mixture.
250 mm, Nomura Chemicals) and Develosil 60-5 (4.6 i.d.×250 mm, Nomura Chemicals) columns with UV detection.
Isolation and identiˆcation of the active compounds from Kokuto. Kokuto (2.8 kg) was suspended in distilled water (11.2 l) and thenˆltered. The resultingˆltrate was passed through an Amberlite XAD-2 column, and eluted with H2O (3 l), 20z methanol, 40z methanol, 60z methanol, 80z methanol, and straight methanol (600 ml each). The resultingˆve fractions, excepting the H2O fraction, were evaporated to dryness. The relative weight percentages of these fractions were 24.0, 34.3, 29.0, 10.3, and 2.5z, respectively. All fractions had radical-scavenging activity by the deoxyribose oxidation method (Fig. 1) .
The 40z methanol eluate, the one with the greatest of yield, was dissolved in water and partitioned with n-butanol. The water-saturated nbutanol layer was then evaporated in vacuo. The residue (1.94 g) was chromatographed in a silica gel column (Wako gel C-100, CH2Cl2 W MeOH, 10:1, 5:1, 2:1, and 1:1). The 5:1 eluate was subjected to silica gel column chromatography (LiChroprep Si60, EtOAc W MeOH, 10:0-1:1; LiChroprep PR-8, MeOH W H2O, 1:5-1:1), and to preparative HPLC (Develosil ODS-5, MeCN W H2O W HCOOH, 5:95:0.1) to give 1 (9.5 mg). The 2:1 eluate from the Wako gel C-100 column was further subjected to silica gel column chromatography (Wako gel C-200, EtOAc W MeOH, 10:0-1:1; LiChroprep PR-8, MeOH W H2O, 3:7-1:1), and to preparative HPLC (Develosil ODS-5, MeOH W H 2 O W HCOOH, 15:85:0.1) to give 2 (5.5 mg), 3 (3.9 mg), and 4 (4.7 mg).
The 60z methanol eluate from the XAD-2 column, the one with the second greatest yield, was also dissolved in water and partitioned with nbutanol. The water-saturated n-butanol layer was then evaporated in vacuo. The residue (2.71 g) was chromatographed in a silica gel column chromatography (Wako gel C-100, CH2Cl2 W MeOH, 10:1, 5:1, 2:1. 1:1, and MeOH). 2-Deoxyribose oxidation method. 2-Deoxyribose is oxidized by・OH that is formed by the Fenton reaction, and degraded to malondialdehyde. 3, 4) The reaction mixture (2.0 ml) containing a test compound (0.5 mM inˆnal concentration), 14 mM 2-deoxyribose (0.2 ml), 1.25 mM H2O2 (0.1 ml), a 34 mM phosphate buŠer (pH 7.4, 1.6 ml), 2 mM FeCl3 (50 ml), and 2.08 mM EDTA (50 ml) was incubated at 379 C for 2 h. The extent of deoxyribose degradation was measured by the TBA method, whereby 1 ml of 1z TBA and 1 ml of 2.8z TCA were added to the mixture, which was then heated in a water bath at 1009 C for 10 min. The absorbance of the resulting solution was measured spectrophotometrically at 532 nm. The control was without a test compound, and the blank was without incubation, BHA being used as a positive control. The percentage inhibition was determined as inhibition (z)＝100"100(At"A1) W (A0"A1), where A0, A1, and At are the absorbance values for the control, blank, and the added test sample, respectively. The percentage inhibition was determined from the means of three independent experiments.
Results and Discussion
The 40z methanol and 60z methanol eluent fractions from the XAD-2 column were fractionated by a combination of partition with n-butanol and water, and chromatography in silica gel, RP-8, LH-20 and ODS columns to yield nine phenolic compounds.
Compounds 1 and 4 were identiˆed as 3-hydroxy-4,5-dimethoxyphenyl-b-D-glucopyranoside 5) and 3-hydroxy-1-(4-hydroxy-3-methoxyphenyl)-2-[4-(3-hydroxy-1-( E )-propenyl)-2-methoxyphenoxy] propyl-b-D-glucopyranoside, 6) respectively. Compound 2 was isolated as a white amorphous powder. Its molecular formula, C 20 H 28 O 14 , was deduced from an [M"H] " peak at 491 of negative APCI-MS, and 20 carbon signals in the 13 C-NMR spectrum. The 1 H-NMR spectrum contained the signals for three aromatic protons at d7.59 (1H, dd, J＝8.9, 1.9 Hz), 7.50 (1H, d, J＝2.0 Hz), and 6.84 (1H, d, J＝8.9 Hz), corresponding to a typical 1,2,4-trisubstituted phenyl group. The 13 C-NMR spectrum exhibited a carbonyl group at d168.1 and a methoxyl group at d56.5. In the HMBC spectrum, the carbonyl group at d168.1 and the aromatic carbon at d148.8 showed correlation with aromatic protons at d7.59 and methoxyl protons at d3.90, respectively. In addition, the absorption at 1700 cm "1 in the IR spectrum and maximum absorption at 263 and 291 nm in the UV spectral data suggest 2 to have an vanilloyl moiety. The remaining 12 carbon signals are in good agreement with those of the sucrose. The linkage of the isovanilloyl moiety and sucrose was solved by an analysis of the HMBC spectrum. The carbonyl group at d168.1 showed correlation with the proton at d4.43, suggesting the vanilloyl moiety to be connected to C-6? of the glucoside moiety. This was further supported by the results of the 13 C-NMR analysis, which showed a downˆeld shift of the resonance of C-6 of glucose, as well as an upˆeld shift of the neighboring C-5 resonance when compared with those of sucrose. The assignment of the proton and carbon signals was achieved by a combination of the HMBC and 1 H-1 H COSY spectral data. These results enabled compound 2 to be determined as b-D-fructfuranosyl-a-D-(6-vanilloyl)-glucopyranoside.
Compound 3, a white amorphous powder, showed an [M"H] " peak at m W z 521 in the negative APCI-MS data. The 1 H-NMR spectrum of 3 was very similar to that of 2, except for the presence of two equivalent methoxyl groups at d3.89 (6H, s) and two equivalent aromatic protons at d7.36 (2H, s). These facts suggested that the aglycone moiety of 3 was a 4-hydroxy-3,5-dimethoxybenzoic (syringyl) moiety. The remaining proton signals and carbon signals are in good agreement with those of 2. The assignment of the proton and carbon signals was achieved by comparing with those of the corresponding signals for 2, and by a combination of the HMBC and 1 H-1 H COSY spectral data. Compound 3 was therefore determined to be b-D-fructfuranosyl-a-D-(6-syringyl)-glucopyranoside.
Compound 5 was obtained as a colorless oil. The HR positive ion FABMS data corresponded to a molecular formula of C27H37O13, having one more methoxyl group than 4. The NMR spectra of 5 were similar to those of 4. The presence of one extra methoxyl group was conˆrmed in the 1 H-NMR spectrum, in which the methoxyl proton peak was observed as one singlet peak of 6H at d3.88. Of the aromatic proton signals, one singlet peak for two protons was observed at d6.77, suggesting the presence of a 2,6-dimethoxyhydroxyphenyl residue. The proton and carbon signals due to glucose were observed with the same chemical shifts as those in 4, and the coupling constant of a anomeric proton of d4.59 was J＝7.6Hz, showing a b-linkage. The assignment of the proton and carbon signals was achieved by a combination of 1 H-1 H COSY and HMQC spectral data. The structure of 5 was determined to be 3-hydroxy-1-(4-hydroxy-3-
Compound 6, a colorless oil, showed an [M"H] " peak at m W z 519.1876, suggesting the molecular formula C26H32O11. The 13 C NMR spectrum of 6 was similar to that of dehydrodiconiferyl alcohol in the preceding paper of this series.
1) The remaining six carbon signals were in good agreement with those of the b-glucoside. In the HMBC spectrum, the carbon signal at d71.0 showed correlation with the anomeric proton at d4.36, suggesting the glucose moiety to be connected to the propenyl moiety. The assignment of the proton and carbon signals was achieved by a combination of 1 H-1 H COSY and HMQC spectral data. The structure of 6 was thus determined to be 3-[2,3-dihydro-3-(hydroxymethyl)-7-methoxy-2-(4-hydroxy-3-methoxyphenyl)-5-benzofuranyl]-2-propenyl-b-D-glucoside.
Compound 7 was isolated as a white amorphous powder. Its molecular formula was established as C26H34O11 by the HR negative ion FABMS data which showed a molecular ion peak at m W z 521.2060 [M"H] " . The 1 H-NMR spectrum of 7 exhibited the signals for an ( E )-coniferyl alcohol moiety and 4-hydroxy-3,5-dimethoxyphenyl ethanol moiety. The 13 C-NMR data showed the signals due to a glucopyranose moiety. In the 1 H-NMR spectrum, the coupling constant of an anomeric proton of d4.77 was J＝7.5 Hz, showing a b-linkage. Additionally, the HMBC spectrum showed the correlation of C-8? at d49.9 and C-4? at d134.5 with H-9 at d3.58 and H-1! at d4.77, respectively. Thus, the ( E )-coniferyl alcohol moiety and 4-hydroxy-3,5-dimethoxyphenyl ethanol moiety must have been attached to C-9 and C-8? by an -O-linkage, and the glucopyranose moiety must also have been attached to C-4?. Therefore, the structure of 7 was determined to be 4-[ethane-2-[3-(4-hydroxy-3-methoxyphenyl)- Compound 9 was isolated as a colorless oil. Its molecular formula was established as C28H38O14 by negative the HR-FABMS data which showed a molecular ion peak at m W z 597.2163 [M"H] " . The UV and IR spectra of 9 were similar to those of 4 and 5. The NMR spectra of 9 were very similar to those of 5, except for the presence of two equivalent methoxyl groups at d3.85 (6H, s) and two equivalent aromatic protons at d6.80 (2H, s). Therefore, the structure of 9 was determined to be 3-hydroxy-1-(4-hydroxy-3,
The 20z methanol fraction from the XAD-2 column had comparatively high antioxidative activity, even though it was di‹cult to isolate for complex component. A more detailed report of this fraction will be presented later.
On the other hand, the 80z methanol and methanol eluent fractions from the XAD-2 column, which had comparatively high antioxidative activity too, were combined and fractionated by the method already described. Many phenolic compounds that were reported in previous papers 1, 2) were also isolated.
Phenolic compounds are widely distributed in nature, and many have been isolated from cane-related substances. The free aglycones of 3 and 6 have been reported in our previous paper, 1) and some aromatic glycosides, for example tachioside and arbutin, have been isolated from Kokuto 7) and cane molasses. 8, 9) On the other hand, many ‰avonoids have been reported as raw sugar pigments. 10) In this paper, however, isolated glycoside compounds 2, 3, and 5-9 have not been previously reported. Kokuto is manufactured from sugar cane juice by concentrating under heating and variation of the pH value. It is not therefore clear whether the compounds isolated in this study were natural or artifacts.
The hydroxy radical-scavenging activities of the isolated compounds were measured by the deoxyribose oxidation method and compared to the synthetic antioxidant, BHA. As shown in Fig. 3 , all compounds showed radical-scavenging activity. The scavenging activity order of the test compounds was 2À3À4, 8, BHAÀ5, 7, 9À6À1. Each test compound had a phenolic hydroxyl group in its structure, and phenolic antioxidants have been recognized to function as electron or hydrogen donors. Thus, the hydroxy radical-scavenging activity of these compounds may be mostly related to the phenolic hydroxyl group. Furthermore, the antioxidative potency depended on the stability of the radical formed via increased electron delocalization. 11) Compounds 2 and 3, with relatively high activity, may involve the carboxyl adjacent to the phenolic group participating in stabilizing the radical by resonance. On the other hand, compound 6, which is a glycoside of a compound found in our previous work, 1, 2) was less e‹cient than the corresponding aglycon. We suggest that the presence of the glucosyl group in compound 6 did not improve its e‹ciency. The hydroxy radical-scavenging activity of these compounds will be further examined by various assays.
